
BuU Sot Chitn 1+ (1997) 134, 14S-1!51 
@ Elscvier, Paris 

An efficient activation of the hydroxyl function 
by (diethylamino)sulfur trifluoride (DAST): 

preparation of chiral polyoxygenated tetrahydrofurans 
by stereoselective benzyloxy group participation 

Sophie Monthiller I, Mask-Pierre Ileclcl 12, Charles Miosltowski * $3, 

Pierre La.fwgue2, Jean-Paul Lellouche2*, Michel Masella? 

1 Laboral~oirc dc s~nllr~se ho-oqaniquc associe’ au CNRS, Univcrsile’ Louis-Pastezw, 

(Received 18 July 199G; acccplccl 20 December 1996) 

Summary - Uasccl on an intramolecular benzyloxy or amide group participation, Iwo sets of experimental conditions 11avc 
been csl;ablisl~ed for the preparation of ciq’trans lelrahydrohrans G or laclonc 8 from sugar-derivccl open-chain hydroxylat;ed 
precursors 4. Tliesc include: (1) a two-slep tncsylation-cyclization promoted by IXH-I/TI-IF-I-120 or NaI/CI&CN at reflux; 
or (2) a one-stop cyclization mcdiaLcd by (clieLl~ylamino)sr~lfur krifiuoridc (DAST) at -78 “C in CI-12Cl2. Tlre scope and 
liniilatioi~s of 1.11~s~ cyclizalions are dcscribecl particularly in relation to a slcreoselective synlllcsis of highly oxygcn~~tecl 
cliiral telrnliytlrofurails. Molecular modeling studies Icnlalivcly rationnlizcd our experimental cyclization results ntfording 
Iivc-incmbcrecl versus six-incinlx3rcd liclerocyclcs slarling from cliffcrcnt precursors. 

polyoxygennted tetrahydrofuran / (diethylnmino)sulfur trifluoride (DAST) / bensyl group pnrticipntion / nmide 
group pnrticipntion / L-gulonolnctono / differentinlly protected 1,4-dial 

Rdsum6 - Activntion cfih~~~ de In fonction hydroxyle par le di&hylnruinotrifluorosulfurntlo (DAST): pkpnrntion de 
tdtrnhydrofurnnes polyoxygknks chirnux pnr pnrticipntion st&Go&lective de groupements benzyloxy. Rns~es sur une 
rkaclion de part,icipation inlramoldculairc clc groupements benzyloxy 011 amide, deux shies de conditions cxpbrimenk&s onb 
6115 rcspect;ivement raises nu point pour In prdparation cles l;dtrahydroTllrnnes polyoxygdth tic type G ou de la 1acl;one 8 ii part,il 
des poly01s acycliqucs pr&urseurs d&iv& de sucrcs de type 4. Ccs pro&d& clfkrivent line s&pence rCaclionnclle en dew 
dt.tq~cs dc mdsylntlon-cyclisation induilc par lcs syslbmes LiOI-I/TI-Il?-I-IzO ou NaI/CI-l&N au rcflux ou une cyclisalion 
cn unc &ape assist& par Ie clid~l~~~lanli~lolrifluorosulf~~ra~lc (DAST) B - 78 “C dnns le dichloron~bthnllc. Ccs cyclisations 
sent rapporldes en considbrant plus pnrliculii?remenL In syntl&sc st&+osdlcctivc de tdlrallydrofilranes cliiraux polyoxygdn6s. 
Des dt;udes clc mocldlisatiou mol6culairo ant; &6 r6alisdes pour essayer dc rationaliscr les r&ultnts de cyclisation observh 
implic~uant lcs part;lclpat,ions des group,cmcnLs benayl0x.y oil amide pour clifl&ents prchrsciirs de cyclisalion. 

tdtrnhydrofurnne polyoxygdn6 / di6thylnminotrifluorosulfurnne (DAST) / pnrticipntion de groupement bensyle / 
pnrticipntion de groupement amide / L-gulonolnctone / 1,4-dial diffdremment proi& 

Introduction 

As inhibikors of glycosidnses, new rat;ionnlly designccl 
am-sugar mimics represent; one of the most proniis- 
ing classes of drugs likely to alter HIV1 replication 
[l-3]. Such n consideration is supp0rtccl by the knowll 
anti-HIV propehies of cleoxynojirimycin [2], N-butyl 
deoxynojirimycin [4, 51, castanospermine [G] mid 6-G 
lmtanoyl castnnosperlnim. [7] as well as related cleriva- 
tives. Known mechanistic shlclies about the hydrolysis 
of glycosicles [S] prompted us, to examine the inhibitory 
poLent,ial of llew bicyclic am-sugar mimics based on a 
~-osacluinoliziclitle skeleton 1 (scheme 1, upper part). 

A sequence of carboxyl-assistecl protonation ancl C-O 
cleavage of the l~erliydrooxazine function of 1 in the 
active site of the targeted glycosidases would afford the 
N-lydroxypropyl substituted iminium cation 2 as a po- 
tential transition state analogue of the glycosyl cation 
likely to inhibit these enzymes. 

During the course of our synthetic studies towarcls 
the novel lleterocyclic skeleton 1, the open-chain inter- 
mediate amides 3 (Nu = OH, I, F) possessing an in- 
verted stereochnishy at C(5) coulcl not be prepared 
by chemical niodification of their clirect precursors 4 
or mesylates 5 (scheme 1, upper part;). Depending on 
experimental conditions and shwctures of the open- 

* Corrcspondencc and reprint;s 
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Scheme 1 

chin substrates 4/5, pnrticularly at the level of the 
sugar l~.M~011a, two types of intran~olcculnr cycliza- 
tions wcrc observecl according to the chemical nature of 
the ~JELr~iCi~Jdhlg group. ‘rhe ll~lCk!O~~hi~iC ~XlrtiCi~mtiOll 

of the bene.yloxy at C(2) in 4/5 as well as tlic ankle 
group in 4 can afford, respectively, the poiyoxygcnatccl 
tetmhydrofuran 6 or the lactone 8 (0-cyclization via 
the corresl~onding ink~olactone 7 followecl by liyciroly- 
sis). Among the conclitions tried, we soon focused on 
two sets of experin~entnl conditions. The first involves 
reaction of the nicsylatc 5 wit11 011~ of the two rengents: 
LiOH or NaI (two-step cyclhtion Don1 4, see schenlc 1, 
10~~ pnrt md tab10 I). me S~COIIC~ ar0~0 from a11 un- 
successful fii1orocleliyclroxylation reaction pcrfornd on 
the precursor alcohol 4 itself using (clietliylyln1nino)sulfur 
trifluoridc (SF,NEtz, DAST) [o] in CH~CIQ at low tem- 
pcrnturc (one-step cyclization). 

Although not ciircctly relatccl to our initial project, 
these new cyclization conditions liavc an interesting 
synthetic potential since they apply to open-chain sub- 
strates 4 or 5 allowing n cis/hns-stereosclective con- 
struction of highly oxygenated tetraliyclrofurans of type 
6. Such coniplex and ciiversc substructures, frequently 
cncountercd i11 many natural products, Iiavc sti1nu- 
latccl the search for cfficieut, rnpicl and stcrcosclectivc 
1netilocls of their prcparntion [lo]. 

Results and discussion 

The purpose of this coininuiiication is to delineate the . . __ 

particularly tlic storeoselectivc synthesis of cliiral poly- 
oxygcnntccl tetrnlly~lr0f1lrallS from viWiOl1S open-chin 
precursors (taih I). 

As depicted in scl~n~ 2, precursors 13, 14, 16 
ancl 18 were synthesized IJY aniinolysis of 2,3,4,6-tetra- 
~-be1izyi-D-~iuco1lolnctoiie/1~i~~11~ioiiol~ctoiie lo/11 ancl 
2,3,4-tri-o-benzyl-D-xylonolnctone 12 using 3-(4-rnctli- 
0xybcnzyloxy)propylainine or l~cxylaniinc (2 cquiv, 
benzene at reflux, 5 Ii, yields ranging from 75 to 
‘36%). tmns-Esterification of 2,3,4,G-tetra-0-beiizyl-D- 
gluconolactoi~e 10 in ethanol at refiiix dsing cnt- 
alytic HzSO,1 nfforclecl the henaylatecl ethyl ester 15 
(75% yield). Aciclitionally, 2,3,4,6-tctm-O-benzyl-a-i>- 
1iiannoi~yranose was subinittecl to a reduction reaction 
(LiAlHA, ether, 20 “C, 0.5 11, 98%) followecl by a se- 
lective silylation of the internlechte cliol (TBDRISCI, 
CH&12, imiclnzolc, 20 “C, overnight, 86%) to give the 
silylatecl precursor 17. 

l+N(CH,),OPMB: a) 
. ..- -.-.-. -__- __.__. ----..-- _ 

87 Ib 

10 
H,N(CI I,,)I,Mc: n) 

(n!’ ii CHpOBtr, R” = OBn, H’ = I-I).’ --& in . -. ’ 

12 (R” : R’ = I-l. H” = 0011) 
H;,N(CH:,)5Mo: a) 

_ 
DG 9:, 

11 (145 = CIi:#wn. II”:. H. Ii’ _L Olln~ 

10 

(RS = CH,OBn 

R” = OBfl. R’ = I-i) 

I-I..N(CH;.)!,Mo: a) 

89 9; 

1. Lb-m.,. El*0 
20 “C. 0.58 h. 00 9; 

---__ ----.s 17 
2. TRDMSCI, 1111. Cl-l&l~ TRDMSO 
20 “C, on0 night. 80 Yb ‘Oh 

Scheme 2 

After n~esylation of 13-18 (A&Cl, TEA/ctl1er, 20 “C, 
0.5 11, TLC coiitrol), the cxpcctetl nicsylntcs were 
usccl i1niricclintcly in the cyclization proiiiotecl by 
LiOH (4 cquiv, THF/H~O 1:l 1nixturc, reflux, 2 11) 
or NaI (4 cquiv, CI-IsCN, rcflux, 2 11). In parallel, 
13-18 were reacted with DAST (1.5 equiv) in Cl&C& 

scope and liniitations of our new conditions cn~pliasizing at -78 “C (table I). 
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Table I. Cycliznlion colldilioI1s/reHgCrlts, structures of hyclroxylatcd precursors 13-18, nnd cyclizcd adclucls t.ctrulq~tlrofu- 
rans 10-23 and IncLone 24. 

EllllrJ Open-chain substrate Compound Rengcnt(s) Cpdizalioi~ praduct Compound Yield (%, cis/tlnns ratio)” 

1 0AH40H 
$4 H COBn 

(kH&,OPMB 

Bn 
I3 n O,,. _x ,..Q B n 

2 

(CHzWHa 

G 

DAST" 
13 M&l” 

LiOI-1’ 

15 
DAST” 
MsCl” 

Nt#- 

1G 
DAST” 
M&l” 
NtdC 

17 
DAST” 
RMX” 

NdC 

18 DASY 

0 

NH(CH2)30PMB 

0 

OEI 

0 

NH(CH2)eCHs 

19 80 (1:FJlJ) 
SG (595) 

20 69 (I:I)!l) 
82 (4:‘JG) 

21 G2 (l:!JD) 
76 (4:9G) 

23 77 (1:vJ) 
3G (3:!J7) 

24 77 (Ml!)) 

PIvlB: pmctlioxybcnayl. n DAST (1.5 cquiv), CI-I~CIZ, -78 ‘C, 2 II. ” A,lsCI (1.1 ccluiv), NEh (1.1 cqniv), ctllcr, 20 OC, 2 II. ’ IAOII 

(4 cquiv), TI-IF/&O I:l, reflux or NaI (4.0 equiv), CIIsCN, rcflux, ‘2 II. ” Assay of tllc cis/lmns cl~~omnto~~npl~icnll~~ insepnrnblc 
cvclized adducts lw “C NMR (75 A/II-lx) nl Lhe level of nt IcnsL Lwo well-rcsolvecl rcsoncwxs (tllc reported cis/dmns ratio of’ 1:OO 
ikxd.ecl tllnl the bther cyclic dih3Lcrco&r cculnoL be clelcctccl). 

On the basis of the best results in table I, the fol- 
lowing n-my bc concluded. First, the one-step cycliza- 
tion (DAST”) or the two-step mesylation-cyclization 
(MsCl” then Li0I-P or NaIC) performed on 13-17 

I entries 1-5) both afford good yields 
$!EG% j of tetrallydrofurans 19-23, arising from an 
intrainoleculnr participation of the benzyloxy group 
at C(2). Variable amounts of unrcacted precursors 
(5-W%) are recovered after purification therefore pro- 
viding a goocl mass balance. 

It is particularly attractive that DAST promotes this 
cyclization even at -78 “C, most likely via the sulfi- 
nate 9 (see scheme 1). This fluorinating reagent nmst 
be con~iclered as a very powerful activating agent for 
hydroxyl functions as already observed cluring a new 
and efficient synthesis of 2-oxazolines/thinzolines from 
1,2-alllido/thionlllido alcol~ols [ll, 121. Spectroscopic 
(IR, higil field lH/13C NMR, 2D-correlations) and ana- 
lytical data agree with the aclduct structures depicted. 

Some related cyclizations affording 2,5-substituted 
tetrahydrofurans by benzyloxy participation are known 
aud result in a more or less efficient control of the 
cis/tmm-2,5-stereoselectivity [13]. Furthermore, it is 

interesting to note that these previous observations 
as well as our own results empliasizc tlic limitations 
encountered with the use of the benzyl protecting 
group especially when the functions reacting are in a 
I,-+rclatioiisliip. 

Second, whatever the expcrimentnl conditions, 
the isolation of 19-23 is inclependcnt of tllc pri- 
mary/secondary nature of the activated alcol~ol at C(5) 
in the case of precursors 13-17 (entries l-5). Addition- 
ally, an amide (entries 1, 2, 4), ester (entry 3), or a. 
tehI~utyldimetl~ylsiIylosy group (entry 5) at C(1) have 
no influence on the cyclization siiicc tlic saint rnodc of 
nucleophilic participation is olXmvcc1. 

Third, net sN2 type iliversioll of StCrCOChellliStry 

at C(5) in 13-15 ancl 17 provides tlic tmms-2,5- 
clisubstituted tetrahydrofurans 19-21 (entries l-3) as 
well as c&-derivative 23 (entry 5) in compnrablc yields. 
Magnetization transfer (NOEDIFF experiments) be- 
tween H(2) and H(5) in 23 is observed but is absent iu 
19. Furthermore, although higher yielding, the two-step 
cyclizntion Na.1 or LiOH) is slightly less stercoselcctivc. 
High-field 1 g C NMR signals for the cnrl)onyl group in 
the inseparable mixture of cis/tmns-nclducts indicate a 



OO-06% tlimtcrcomeric purity as conipnrecl wit11 a pi- 
rit,y of at lenst 08% obscrvccl wit11 tllc DASl’-mecliatetl 
cyclixation. 

Finnlly, tllc cyclizntion of 14 md 18 illustrates tllc 
two possilde SN2-type modes of prticiptionj tliilt is 
txusl,ylosy vcrsits nmidc (entries 2 nut1 6) lci~ctiiig rcspec- 
tidy to tlic tctraliyclrofiiriui 20 ad tlic sis-mcmtxxetl 
1ac:tonc 24 (tliastercomcric purity 98%) [14]. Since these 
opi-cliaiii precursors cliffcr only t).y tlie atxolutc stereo- 
cllemistry at C(2) (&co versus 7rbw~w configurntion), 
tliis unespectctt ot~serv~~tioii seems to iiiclicato tlic iii- 
volvcmeiit of two wry cliffcrciit cyclixiktioli traiisitioii 
StiltW, tctitntivcly clepictccl using molcculnr motleling 
(lig 1) aiicl easily unclorstood iis sllowu ill sclicmc 3. 
Rclatccl to tlicsc tr;insitiou stntcs cl1 route to Itwtoue 
24 ;~utl tctmllycl~ofrl~a~l 25 ilS 2% simph lnethyl illUitle 

i~iialoguc of 20, t11c coiiformntioiis of ac,yclic precursors 
(26) (~~llu~o configuradioll) mlcl 27 (~~~~.w~.o corifigura- 
lion) Iiitw bccli optimiszctl iii order to limit tlic mm~t~cl 
of coiifonnatioii;il miliim:1 for tlicsc l$glily c:oiiform;b 
tioldly mnl~ilc compountls. ‘I’llis StliCly IlilS t)CCll ilC- 

coiiiplisliccl by t,llO following proccclUrO. 

C(2)-0( 1) ctistnncc: 2.78 AA C(2)-0( 1) ctistiincc: 3.22 
O( 1)-0(2)-O(3) a11glc O(l)-C(Z)-O(3) angle 

(ct;~sticcl tine): t5!M” (tlastictt line): lGO.(P 

Fig 1. Conliguralions of 26 atitt 27. 

Scheme 3 

Cyclic compouncls 24 aucl 25 were minimized 
(h3AD V 2.2 software, Oxford h/Iolecrdar Ltd) using 
tile Allinger’s Mh/12 force ficlct [16] and a usual minima 
RJonte-Carlo search. Cleavage of tllc two t~oncls C(5)- 
0 iii tliese optimized structures without any further 
structural modificatioii is followcct by SidXllX.tiOll of the 

opened valcliccs by tile iIpp~Op~i~~te CUiictional grotlp. 

In order to take into account potcntinl intramolccu- 
Iilr llyd~og~ll I~OllClS, WC coiisiclerccl t)etAVeell llllt~0~ltlclecl 

idonis a. term of electrostntic intcrilctinn of clmgc- 

cliargc type and iiot ix ctipolc-clipok term as consiclcretl 

IISUCI~I~ by the h3RP2 force field. Cllarg;c~ WCI’C cdculi~ted 
I)y Gasteiger’s mctllocl [lci]. RIinimization of tllcse opcn- 
clmiu structures witllout minima h,Ioutc-Carlo scarcll 
nffordecl tlic two dcpictecl confonnntioual slates, 26 md 
27 (scllcme 3), nnnlogucs of 14 and 18. 

Iiitckstiugly, tlic two participating groups in min- 
imkcd compountls 26 D-glz~co configuration) ;lnd 27 
(II-7ufm7tm configuration) arc suitnbly disposcct spnti;dly 
for a five- or sis-mcmbcrccl ring cyclimti0ll (sclieliic 3). 

Ill particular, the iItOlllS O(l), C(2) illltl O(3) iii- 
volvcrl iii tlic cyclizt~tion ill’C iu im c~spcctctl quasi- 
liiiciw cbq~ositioii since tile cd(:ulntctl tlXjjcct0ry illlgles 

IxA;wcci~ those rcncting cmii;crs iw0 ~10~0 to tllc itled 

18P vduc (26 O(l)-c(2)-O(3) = 151).3°; aud 27 O(l)- 
C(2)-O(3) = lW.G”) (fig I). h4orcovw, following tllo 
same optimization pI’oc!cclIII.c, tlic miilimixetl C!OllfOl+lllil.- 

tioiis of precursors 15 iiiicl 17 indicate a five-mcmt~ercd 
ring t~ciizylos~y participation iiictcpci~clcnt of tlic cllcm- 
id function at C(1) (cntrics 2, 3 ant1 6; fig 2). Dis- 
ta11ccs C(2)-O( 1) illId triljCXIOl‘,Jr iUlglCS 0( I)-C(2)-O(3) 
arc iii tlw same range as tlic previously obscrvccl 
values (O(l)-C(2)-0(3)/C(2)-O(1): 15 lG2.1°/2.GD A; 
17 lti5.30/2.81 A). 

15 17 

C(2)-0( 1) clislmwz: 2.fj!) AA C(2)-0( 1) ttisluilcc: 2.81 
O( l)-c!(2)-O(8) a11glc O( l)-c(‘2)-0(:3) an& 

(tt;~stlccl liiic): 162.1° (claslicd lint): lGX” 

Fig 2. Optimizcct coi~forrnations or 15 met 17. 

Conclusion 

li 

Among our two sets of cspcrimatal conclitiom 

(LiOH/NaI or DAST) for promoting tile cydization of 
clliral osygcnatetl opal-chain precursors 13-18 to Idle 
corrcsponcling tctrnliyclrofurans 19-23 or lactone 24, 
DAST WRS shown to bc the most promising rengeut 
both in terms of yields (Gl-80%) and stcreosclectiv- 
ity (diastereomeric purity of cyclizetl acltlucts 2 OS%). 
Even at a temperature of -78 “C ad clepencling on 
ttlc SlltXit~~~tC, ill1 SNP-type illtlY~lllOlcclltW tx!llXytOS~ 01’ 



Experimental section 

CcticrnliLics nboitt Lliis sccliott Itwc lxmt dcscrild clse- 
wlicro [17]. Tltc slxctra of 13-18 wcrc oblainctl in CDC& 
ttL 200 MIIx (‘11 NMR) tltttl 50 MIIz (t3C NMR) wltilc 
10-24 WCIT dtt~~tl~l.d~etl iIL 3(10 iltttl 78 kll-1~. AttnlyLiocd 

III’LC ilttillyscs wcl’e pcrfortnd 011 il Waters Sytniiictri-Cl8 
Iwcrsc-pl1nsc c0l11111t1 (6 /1111, 260 x 4.G t11111, L = 35 “C) 
I>y rtsittg SltitimIztt 10 AS 1 IPLC piitttp aL I .5 ttilr/ttiitt 
llow tale cclitiIqtccl witlt 11. clioclc-tuxlycd LliI3 2140 clcLccLoi 
(I DO-370 ttttt). DAS’L is cottttttcktllly mwilal~lc (Jtlttssctt 
Cliittticil) atitl wls used as twcivccl \viLltotlL prior l>tl~ilkiL- 
Lion. 

'1%~ iippropritttc sugar l11cl.011c (4.4 111tt101) ant1 3-[(*I- 
tiicl.ltos:yl~cttsl,yl)oxy)l,l.ol,yl~~i~titie or Iiexyl~uititic (8.8 tiitnol, 
2.0 CCltllV) WCI’C K?fltlXeti ill It ItlId Of hlRCllC tllldc~ ilrgOl1 
I’or 5 Il. ALzcr cotttl~lcLioti of Llie rciiction, Llic orgtuiic sol- 
vctit ums cvt~l~otxtcd tint1 Llic ctwcle liyciroxylnlctl ntttidc wigs 
pitrilicrl I2y llnslt cli~oti~t~l.og~:~I,Ily on silica gel iiflbrclitig Llic 
corrcsl~onclittg ptirc cotnl~otttttl (cltitioii wit,li Llic apI~roI~ri;~tc 
solvctil~ ittisLitrc (SM) micl yiclcls). 

. N-/3- (~-~,r(:t~l.~:~~lJb~ll.t~~l)~~~~~~~~Jl]-~,?,,~,~-tet~~- 
O-l~c~rz~iJl-I~-gl~rc~rt~~L~~l~i~l~ 13 

Shk I~ex~mc/ctl~yl wctntc I:1 (colo~*lcss oil, 87%). 

Ilt (NaCI): :3404 (~011, 292!), 28GS (uc~tt,ctt~), I GG9 
(vc’o), 1 GI2, 1585, I 45:3 (VC.=C ,,,, c,lY,, ucl113,,), 1 218 
(YCO) cm-‘. 

‘[I Nh4R: r5 1.72 (cl, ./ = 4.G I-la, 21-I), 2.95 (cl, ,/ = 3.0 I-Ix, 
III), 3.20-3.38 (tn, III), 3.40-3.51 (in, 3H), 3.58-3.G7 (L, 

J = 2.5 Hz, %H), 3.7G (s, 3Il), X35-3.96 (ltt, %H), 4.10 (1, 
J = 3.2 II%, IH), 4.25 (cl, ./ = 2.7 I-b, llI), 4.31 (s, 2II), 
4.51-4.72 (In, SII), G.&l (cl, ,/ = 8.G Ila, 21-l), 7.37-7.35 
(111, 2311). 

“‘C NMH.: 6 29.2,:37.4, 55. I, G8.9, 71.2, 72.7, 73.2, 73.G, 74.8, 
75.5, 78.1, 79.D, 80.5, 113.7, 127.5, 127.G, 127.9, 129.3, 
130.3, 13&G, lZ38.0, 138.1, 138.8, 159.1, 170.6. 

MS (Cl, Nils): 734.0 [Ml-I]+. 

Ant11 talc for C.tr,IletNOs (733.90): C, 73.G5; II, 7.00. 1~o111~tl: 
C, 73.4 I ; 1~1, (5.98. 

[&t = d-20 (c = 1.22, CXI~CI~). 

l N-He:qjl-2,3,4, o’- tctm- 0-Datrayl-D-gl,r~connnaide 14 
SRI: Itcs;t~~c/cLl~yl ;~ccLaLc 75 (colorless oil, 80%). 

‘II NMR.: 6 OS!1 (I, .I = G.0 IIa, 31-l), 1.2G-1.41 (111, 81-l), 
2.94 (cl, .J = 4.0 Hz, II-I), 3.13-3.32 (111, 2H), 3.G3-i3.71 
(111, 21l), 3.88-3.91 (111, 211), 4.10 (&I, J = 3.2 t111cI 5.4 Hz, 
11-l), 4.28 (cl, J = 2.9 Hz, 11-I), 4.48-4.7G (tn, 81-I), G.GB 
(tt1, III), 7.18-7.44 (111, 201-I). 

‘:tC NMIZ: 6 13.9, 22.4, 2G.5, 29.3, 31.3, 39.1, 71.0, 71.3, 
73.8, 74.0, 75.0, 7G.3, 77.5, 80.0, 806, 127.G, 127.7, 127.9, 
128.1, 128.2, 128.5, 13G.7, 137.7, 138.1, 170.7. 

Anal talc for C.lel&tttNO~ (G39.89): C, 75.09; H, 7.72; 
N, 2.19. Fottntl: C, 76.OG; I-I, 7.72; N, 1.97. 

[Cl];“’ = +19 (c = 1.40, CI-12Clz). 

2,~~,~l,~i-‘l’Ct~t~-O-l~Ctl~yl-L)-~lltcOllOlilcloltc 10 (2.40 g, 
(1.5 tllttlOl) Wils tlissolvctf it1 Et.011 (16 1tlL) contilitlittg il CilL- 
illytk ci1ti:tlLiL.y Ol’ C!OllCClll~t+ilLetl 112SO.l (5.0 111,). ‘I’ll0 illix- 
IlIlY? WilS lT!llltXCCl for 12 II, COOlCd LO 0 “C, lltl(l LllCtl llC!tIll’ill~ 

izctl witlt solid NW&O:, (3.0 g). After filLr;tt.iott, Llte tttctlittttt 
WlS cVIlpot?~tcd Lo give ill1 oil wlticlt Wits pitriliccl by II:tslt 
ell~OltltlLOg~ll~~lly On silicn &!I dCilCtiVilLC!Cl I?\, l~l’iCLlt~ylillltillC 
(‘1’EA) (lteXilttC/cLltyI ~~wLIILc/‘~‘ISA G0:~~O:O.O~). CotIl~~olttl~l 
15 WilS LlltlS Ol~LilillCtl i1S I1 COfO~lcSS oil (I.!) g, 76%). 
Shl: IlcXallc/cLllyI tlccltltc G:4 (colorless oil). 
Ilt (NIICI): 3 G22 (~ott), 3 087, 3 OG2, 2 97!), 2 SGX (t/ctt,~:tt~), 

1 761 (t&o), 1 4!1G, 1 464 (f/CCC ,,I),, ,,., ,I), I 3G5, I 0!)7 
(I/C-‘,) c111-‘. 

‘II NhIlt: 5 1.20 (1, .I = 7.1 IIS, 3II), 2.85 (cl, .I = xl.6 IIx, 
II-I), 3.Gl (cl, .I = d.0 Ilsz, %].I), X90-<I. 12 (ttt, 511), (1.37 
((I, .J = 4.4 llz, ill), 4.48-4.YO (111, 811), 7.23-7.40 (111, 
2011). 

“IC Nh,IIt: 6 13.9, 80.8, 71.0, Tt.!), 73.2, 73.4, 73.5, 73.0, 78.0, 
78.2, f9.5, 127.5, 127.8, 127.!1, 128.2, 130.8, 137.3, 137.4, 
137.8, 170.G. 

MS (CI, NII:s): G02.0 [kl f Nil.,]+. 
Atttd cidc for C3~11.100~ (Wl.72): C, 73.!)7; 11, G.84. L;‘~IIIIc~: 

C, 73.61; I-l, G.7!). 

[a]‘: = -l-:3&? (c = OAS, CIIZCI~). 

. N-I~~~:~l-~,~,,4-t~.~- 0-l~cnz~/l-~-:~:ylo~rc~.~~rir~c 16 
SR4: ItCX~~llC/CLllyl ilCCLilLC 7::~ (wliikt solid, !M%). 
llt (NnCl): 3 4 14 ( I’Nll ddo), :j :soo (I/O11 idculwl), :s 032, 

2 929, 2 BGO (vctt,~tt~), 1 053 (I/CO (,,,,tlte), [I 632, 149G, 
1 4&l] (VC=C ,,t,c&, 1 OG8 (vc:-o), I 028 cm-‘. 

‘II NIbIIt: 6 O.B!) (L, J = G.0 I-lx, 311), 1.20-1.42 (III, HI), 

2.37 (1, ,J = 6.7 lb, III), 3.12-3.18 (ttt, III), 3.28-3.36 
(1t1, II-I), 3.50-3.63 (111, IH), 3.GCi-3.78 (111, 2H), ~1.07-4.1:3 
(111, 2ll), 4.48-4.7G (III, GII), G.d (1, .J = 4.2 HZ, 11-I), 
7.28-7.34 (ttt, 1511). 

“tC Nkllt: 15 13.9, 22.4, 2G.5,29.3,31.3,:3!).2, Gl.G, 73.2, 73.7, 
75.2, 79.4, 79.G, 7!).7, 127.7, 127.8, 128.2, 128.5, 128.7, 
138.1, 170.5. 

nis (a, ~i-i~): 520.0 piIi]+. 
Attal talc I’or C:t~Il,tt NO5 (51!).GB): C, 73.!lG; II, 7.!lG; 

N, 2.70. Found: C, 73.81; II, 8.21; N, 2.60. 
(a];“’ = 3-2 (c = 0.74, Cl-I&l*). 

COlll~~OlltlCl 17 WilS ol~lairictl by i1. L\\rO-SLCl> SCC~llCtlCC 01 
~cdtlcLiorl/le~GI~tlL~~l~itI~el.llylsilylntiol~ frotll 2,3,4,G-LcLr;1-O- 
benzyl-a-I)-tllmltlopyrnllosc. TllC sugar (0.20 g, 0.37 tlltnol) 
WIS tlissolvccl in cL1tyl cti~cr (5 ml,) tltl(l LrcaLctl wild1 LiAll-I.1 
(28.0 III& 0.74 ttttnd, 2.0 crlttiv) tttttler atgo Ibr 0.5 It id 
roottt LcntperaLttrc. After cotttplel.iotl of Lltc I’CilCLiOll, Llie 
nicclitttti, nftcr sitcccssivc LrcaLtnettLs wiLli water (0.03 tnL), 
0.15 N NtIOIl (0.03 tttL), and fittdly WULW (0.09 tttL) I>c- 
cttntc white. FilLr;~Lioti of Lltc tiluniitiiittii Sill1.S followecl by 
cvaporatioti of Lltc solvents alfotded all oil wlticli \vilS pll- 

rifictl by fllldl cllr0lllaL0gr.?phy 01, silica gel (IlCXilllC/CLllyl 
aCCLiltC 3:2, colorless oil, 98% yield). 

‘I’lic cimesI~ottc1ing piire diol wits imtncdit~tely silyli~kxl 
iti tllc following tnant~c~‘: the tliol (I .9G g, 3.G ~mnol), itnitla- 
zolc (0.295 g, 4.3 mmol, 1.2 cqtliv) and TBDMSCI (O.GG4 g, 
4.3 Inttlol, 1.2 cqtliv) were mixed together in CIIzC12 (10 tnL) 
at 0 “C ad agitntcd overnigltt; at; roo~tl t,elnperatllrc. Af- 
lxr qttcnclting of the tneclium by \VihT (10 tnL), the clc- 
canted nqtlC0tlS IayCr WilS cxtrnctecl wit11 etlicr (3 X 10 IllL), 
filtcrcrl and cottcctltrnhl. l’ltc rettlilillittg oil was ptiriliccl 



hy fln.sh chrotttttlogri~i~ity on silica gel dcuctivnl.ctl by TEA 
(I1cstm/c1l1yl t1c011llc/‘l‘i3A 00:10:0.01) llrroKlillg plll’c 17 
(colorless oil, SG%). 

Ilt (N&I): 3 4GS (//on), 3 0G3, 3 030, 2 S5G (~c’n,cn~), 1 490, 
1 454 (I&=c: ,,l,~,,s’I ) 

(//c-o) clll-’ * 
) 1 300, 1 3130, 1 328 (Vc!trzl), I ODS 

‘II NR4it: S 0.10 (s, GH), 0.05 (s, OH), 2.72 (d, J = G.1 Hz, 
Ii-i), 3.01-3.03 (111, 21I), 3.64-3.91 (Ill, 3H), 4.00-4.10 (1t1, 

31-i), 4.43-4.81 (111, 81-I), 7.10-7.32 (III, 201.I). 

‘“C Nhdlt: 6 -3.7, 18.1, 25.8, 62.2, 70.2, 71.1, 71.8, 73.1, 
73.5, 74.0, 78.2, 78.7, 80.0, 127.2, 127.5, 127.G, 12&O, 
128.1, 128.2, 137.0, 138.4, 138.5. 

Attttl cdc for C.toI-IazOGSi (GGG.04): C, 73.13; I-I, 7.07. I~ounci: 
C, 72.50; i-i, 7.8’2. 

l N-He:c?/l-%, 3,4, G-tctl~~-O-be,lz211-D-nsc~nrro~~n~rt,idc 18 
Ski: ltcsa~tc/eLltyl ncctale 7:3 (witkc solid, SO%). 

Iit (N&i): 3417 (VNII 1,111, mu), 3 031, 2 929, 2 SGO (ucII,c~~), 
1 GG2 (VL’O n,r,ic~u), [l 532, 1497, 14531 (W=C t,~~c.,,J.~), 
IO!12 (f/c:-o), 1028 cm-‘. 

‘I4 NhdIZ: 6 0.87 (I, J = G.5 Ilx, 31-1, 1.23-1.41 (m, SH), 3.20 
(q, J = G.5 Hz, 2H), 3.54 (ci, J = 5.9 Hz, lIi), 3.65-3.67 
(m, 21-I), 3.85~4.10 (ttt, 31-I), 4.38 (cl, J = 2.0 Hz, lH), 
4.48-4.71 (tn, 81-I), G.Gd (m, lil), 7.17-7.32 (m, 201.1). 

13C NhJit: 6 14.0, 22.5, 2G.5, 20.4, 31.4, 39.1, 71.0, 71.3, 
72.8, 73.4, 74.4, 74.5, 79.0, 80.2, 81.7, 127.5, 127.0, 128.0, 
128.3, 128.5, 138.3, 170.2. 

RtS (Cl, Ni-la): G40.0 [MI-I]+. 

Anal cuic for C,loII,19NOo (G39.89): C, 75.00; II, 7.72; 
N, 2.10. Fouttd: C, 74.05; 1.1, 7.OG; N, 1.95. 

[c&t = -4 (c = 2.34, CIizCi2). 

l Mes~lation of the plecursov alcohols 13-l 7 
To LIIC precursor alcoltoi (G.0 ttttnol) dissolved in atdrydrot~s 
cl,lter (30 mL) was siowiy a~ldc~l TEA (G.G tnmoi, 1.1 equiv) 
nncl tiicsyl chloride (KG nttnol, 1.1 equiv). After 0.5 II of 
reaction at 20 OC, the wltib precipitate was filtered and tlte 
filtrate concentrated uttdcr vacuum afi+ordittg a yellow oil. 
‘L’lic tttcsyiatc, generally ol~laitted itt a quuntilntivc yield, 
wns of sullicietd purity for llte next cydixntion dep. 

l QJclization of mcsyhtes promoted I!I~J LiOH or Nal 
lhch ol’ the previously oblaitted tnesylates (0.12 ttttnol) 
was’ tdlrtxed for 2 It in the presctice of LiOH (12.0 ntg:, 
0.48 trttttol, 4.0 equiv) itt TI-IF/I-120 1:l (5 mL) or NaI 
(75.0 tttg, 0.48 tntnoi, 4.0 equiv) in CHsCN (5 ntL). ATLet 
evaporal;ion of the solvents, the crud0 l;otraIrydro~uran w<ns 
i)uriIiecI by flash chromatography on silica gci affording t;ite 
cyciizecl product (eIul;ion with tl~c indicated SM). Yields and 
cis/lr~ns rdios arc rcporterl in table I. 

Tetdydrofurans 19-23 and lactone 24 by the DAST- 
9rLedintcrL-c~clizatiolt (one-step reaction): general cx- 
perinbcntal ps~occdu~e 

Tilt precursor aicoIioi 13-18 (0.18 tnmoi) dissolved in 
CI-I&i2 (3 mL) uncicr argon was cooled I;0 -78 “C and 
slowly treakci witit DAST (42.0 pL, 0.28 mtnoi, 1.5 e&v, 
I tnL CII2CI2). The reaction tnixlure was agitatcci at the 
same tempcrd.ure for 2 It titen poured on 0.5 N NI-1401-I 
(5 mL), previously cooled to 0 OC. Tlte ciecsnteci aqueous 

pllclsc wt1s cxll2lctcd with OlilC~ (3 x 15 tllIJ), dtkl (ml- 

Ityclrous hQS0.t) IIll;arcd anti cottccntratcd utttler vtLcuutn. 
The rcttit~ining oil, purificci by fiilslt ciirotnatogrni~hy ott sil- 
icn get,, dr0dd 111~ pure cycli;zcci product (cluLion wilti the 
itidictilcd SM). Yiclcls tintl L’Js/hm rnlios were reporlcd itt 
lniJIc 1. 

Shd: pctttuttc/cthyl ctcctnlc 1:l (colorless oil). 
Iit (NttCI): 3 417 (VNIt m/de), 3 054, 2 92% 2 8GG (I~,cII~), 

1 672 (vco cr,,,~d, [I 614, 1 4551 (vc=c p~,c,,~~), 1 2GG, 
1095 (UC-_o), 1020 ctn-‘. 

‘i-i NhJlt: 6 1.74 ( In, 21-i), 3.35 (m, 21-I), 3.G7 (nt, 31-I), 3.76 
(s, 3H), 3.97 (ti, 11-1, J = :3.3 I-lx), 4.31-4.42 (m, 41-I), 
4.51-4.5G (111, 7H), 4.50 (d, ll-I, J = 3.7 Hz), G-85 (d, 2H, 
J = 8.4 Hz), 7.21-7.33 (III, 1SH). 

13C Nhdlt: 6 29.3, 55.5, GO.5, GS.4, GS.9, $2.5, 72.8, i3.2, 73.7, 
81.2, 81.8, 82.0, 82.2, 113.9, 120.0, 127.!1, 128.0, 12&G, 
128.7, 120.0, 129.5, 131.1, 138.1, lBO.5, lG9.1. 

h3S (CI, NI-Is): G2G.0 [hUI]+, 643.0 [M + NlI,,]+. 
Anal ctdc for C3sK13N07 (G25.77): C, 72.96; I-1, G.88. I’ound: 

C, 72.G9; I-I, 7.11. 
(&,2 = -i-10 (c = O.G5, C&J&.). 

l (%R,3S,~R,~S)-%-[(llc:c~lami~~o)cn~~bor~~J1]- 
3,~-clibc~tz~lox~-~-f(beit~z;rllo:~~)~nettt.;rll]- 
tetinlt.ydrofumn 20 

Sh4: Itexnttc/c~I~yl ilcetatc 4:l (coioriess oil). 
lit (NaCI): 3 418 ( VNll MIA& 3 030, 2027, 2 859 (~‘cII,cI~~), 

1 G73 (I/CO i,,,,ird, (1 531, 1 4DG, 1 4541 (w=c: ,,l,c,&, 
1075 (I&!‘-o), 1028 c111-1. 

‘II NhlR.: S O.OO (I;, J = 5.8 Hz, 3H), 1.25-1.4ti (III, 81-I), 
3.23 (m, 21-i), 3.GO (cidcl, ,J = 3.8, G.2 tmcl 10.0 Ha, lII), 
3.07 (&I, .J = 3.S ancl 2.6 Ha, II-I), 4.30 (dci, J = 2.G tmcl 
3.4 I-Ix, 11-I), 4.35-4.47 (m, 21-I), 4.47-4.55 (m, GI-I), 4.58 
(cl, J = 3.4 Hz, III), G.70 (m, 111, NH antide), 7.30-7.48 
(ttt, 151-I). 

‘:‘C NMR: 6 13.8, 22.3, 2G.3, 29.4, 31.2, 38.7, GG.5, 71.7, 72.9, 
73.4, 80.7, 81.3, 81.4 and 81.5 (SC), 127.5, 128.2, 137.2, 
137.5, 137.G, 168.7. 

MS (CI, NI-13): 532.0 [h01]+, 549.0 [hJ + NHd]+. 

IIR-MS (EI) talc for &si-I3,tNO:, ([hd - PItCI-Iz]f): 440.2437, 

Ibuttcl: 440.243; talc Ibr C2”H:t8N0,t ([RJ - PItCH&-) 
425 25GG found 4‘25 257 

Attaly&al Ik’LC usin; h~I~OI~I/l-i~O/CF~COzI-I 80:20:0.01 
ns ciuc~tt (purity >OO% ill; 252 and 217 nm, tn = 18.8 min, 
r/, = 28.2 t11L). 

[cr]yq = +34 (c = 1.15, CH2C12). 

l (HZ, 3S,~R,~S)-%-Etho.7:~cn~bort:~l-3,~-~lii~e~~~~lo:~r/- 
6-~~be~~z~Jlox~J)~neth~Jtjtct~~a/~~J~rof~~rt~rt~ 21 

SM: pentatie/etltyI S32t;iLtC 4:1 (c0ioriess oil). 
IR (N&I): 2 028 (vcqcttp), 1 761 (~00 cuter), [1407, 1 4541 

(t&=0 ,,l,o,yl), 1099, 1093 (I/c’-0) ctI1-l. 
‘I-I NMR: 6 1.25 (t, J = 7.0 Hz, 3H), 3.72 (m, 21-I), 4.03 (d, 

J = 3.5 Hz, lH), 4.11-4.23 (tn, 2H), 4.30 (d, J = 4.8 Hz, 
lH), 4.54-4.55 (m, 71-I), 4.7G (d, J = 4.8 Hz, lH), 
7.23-7.35 (tn, 15H). 

13C NMI‘L: 6 14.3, 61.3, G1.3, 72.0, 73.2, 73.9,80.4, 80.0,81.7, 
83.3, 128.0, 128.4, 128.0, 120.0, 120.4, 138.0, 138.4, 138.6, 
170.0. 

h/IS (CI, N&): 477.0 [h4H]+, 494.0 [M + NH.t]+. 
Anal caic for C2okI3306 (477.58): C, 73.10; I-1, G.72. Found: 

C, 73.13; I-1, 6.53. 
[&t = +14 (c = 1.37, CI-IzC12). 
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• (ZR,  gS ,4R) -Z - [ (Hexy tamino )carbony l J -  
3 ,4-d ibenzy loxy- te irahydrof l t~un 2 2  

SM: imntane /e thy l  ace ta t e  7:3 (colorless oil). 
IR. (NaCl):  3 d22 (um~ a,mle), 3032,  2930, 2859 (t /c , ,cH~),  

I 070 (t/CO m,,hl~), [1 534, 1,197, 1 455] (Yc=e  ph,,,,y|), 
1 099 (t/C-O), 1 063, 1 028 cm -~.  

~II NMR: ¢5 0.87 (t, .I = 6.2 Hz, 3H), 1.25-1.d6 (m, 
811), 3.28 (m, 211), 3.92 (d, ,1 = 9.7 Hz, IH) ,  d.04 ((1, 
J = 3.8 llz, 111), 4.L7 (dd, ./ = :3.8 nlld 9.7 llz, I l l ) ,  d.31 
(d, J = 3.,i IIz, 111), ,1.d2-d.61 (m, 511), 6.58-6.72 (m, 
111), 7.30-7.:3,1 (|n, 1(111). 

aaC NIX'IR: 6 1,1.1, 22.0, 26.9, 29.9, 31.6, 39.1, 71.2, 71.6, 73.0, 
81.2, 82.2, 128.1-128.6, 166.7. 

MS (CI, Nil:,): ,112.0 [Mill +, d29.0 [M q- Nil,,] +. 

HR.-MS (El):  ta lc  tbr C m l l ~ N O a  ([M - PhCIIO]'.t '):  
305.1991, found 305.199. 

Anal ta lc  for C~HaaNO.a (411.55): C, 72.99; H, 8.02. Found: 
C, 7,1.88; H, 9.79. 

[~1~° = + 1 0  (c = 0.95, C11~C1.,). 

• (2R,  gS ,4R ,5S ) -2 - { [ ( t e r t -Bu ty ld ime thy l s i l y l )o : ry ]  
'me thyl} - g, 4- dibenzylox?/- 5-[(benzyloxi l)methyl]tet ' ,u-  
hydrofu'ran 2 3  

SM: pcn t anc / e thy l  acel.atc 9:1 (colorless oil). 
l i t  (NaCt):  3031 2928,  2857  (UCH,CH~), [1497, ld5d]  

(uc=c~ |,h~,yl), l 361, 1 25,1, I 207, 1 090 (tSC-O), l 028 cm -~.  
all NMR.: 5 0.06 (s, 0H), 0.90 (s, 9H), 3.57-3.79 (m, ,lH), 

3.95 (m, I l l ) ,  ,1.05 (dd, J = 10.0 and 5.8 l lz, 2H), 4.22 
(m, 11t), ,1.42-,i.59 (m, 6H), 7.27-7.38 (m, 15H). 

|:aC Nh'll-L: 15 16.6, 26.0, 64.1, 69.1, 71.7, 72.0, 73.6, 80.,1, 83.2, 
83.9, 8,1.8, 127.8, 128.5, 138.d, 138.9. 

MS ( e l ,  NHa): 549.0 [MIll +, 566.0 [M + NIL,] +. 
Anal t a lc  for C:mH,140~Si (5,18.80): C, 72.2(i; H, 8.02. Found: 

C;, 72.35; |-1, 7.59. 
[cv]~ = +13 (c = 1.11, CIl~Clu). 

* 2, 3,4, 6- TeA'm- O-benzy l -L-gu lonolac ione  2 4  
SM: Imxanc /c thy l  ace ta te  75:25 (colorless oi1). 
11~ (NaCI):  3 0a 1, 2 872 (uclI,c | l~),  1 700 (uco  h,cto,,u), [1 ,196, 

1 ,15,1] (t/C----C I,hunyl), 1 18,1, 1 103 (uc-o) ,  737 c m -  . 
Ill  NMI~: ¢5 3.71 (d, J = 5.6 Hz, 211), :3.80 (dd, J = 2.5 and 

1.9 llz, 11I), 3.97 (dd, J = 4.5 and 1.9 Hz, 1H), ,1.36 (d, 
J ---- 2.0 IIz, 1fi), ,1.37-4.70 (m, 611), ,1.82-,1.88 (m, 1tl), 
,1.83 (d, .1 = 12.2 llz, 111), 5.10 (d, J ---- 12.3 Ilz, 111), 
7.00-7.,I0 (m, 2OH). 

]:~C NMR: (5 67.3, 72.8, 73.3, 73.,1, 73.5, 73.6, 7,1.0, 75.5, 77.,i, 
128.,I-127.8, 1:]6.9, 137.1, 137.5, 137.6, 170.3. 

MS ((31, Nil:,): 539.0 [Mil] +, 556.0 [M -t- Nil4] +. 
Amd ta lc  for C:~,111:5406 (538.65): C, 75.82; II, 6.36. l'~ound: 

C, 75.72; H, 6.4 I. 
[ct,]~ t = - 5 3  (c--- 1.1,1, CII2CI.J). 
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